The objective of this study was to evaluate the effects of adding collagen (0.5 to 1.0%) and the partial replacement of sodium chloride (0.25 to 1.0%) with a salt substitute mixture (50% KCl, 25% MgCl 2 , and 25% CaCl 2 ), on the physicochemical characteristics and the rheological and technological properties of cooked and smoked chicken sausage with reduced fat and sodium. For the preparation of sausages, it was decided to use a 2 3 central composite design with 4 replications in the central point. The results indicated that the addition of collagen fiber and the substitution of salt by the proposed mixture significantly altered the moisture levels of the sausage as a result of higher or lower salt concentrations. The reformulation of the product directly affected the Aw, the final pH, and the level of sodium chloride, and it also led to significant changes in the texture of the product; however, these changes did not affect the sensory acceptance of the product. The best results were found for the F1 formulation (with 0.5% collagen fiber, 0.25% of mixture, and 0.25% of salt), which resulted in 53% reduction in fat and 29% reduction in sodium without compromising the hardness, chewiness, color, and sensory acceptance, when compared with the formulations with higher salt content. The results of the sensory evaluation showed that the partial replacement of salt by the mixture (50% KCl, 25% MgCl 2, and 25% CaCl 2 ) and the partial replacement of fat by collagen were viable.
strokes and hypertension, as well as the increased risk of obesity, some types of cancer, and high cholesterol [2] [3] [4] . Consequently, there is an increasing demand for the development of healthier meat products with reduced fat and cholesterol, better composition of the fatty acid profile, and lower salt and nitrite content [5, 6] .
However, reduced fat and salt (sodium chloride) in meat products can generate technological difficulties because these are essential ingredients in their preparation [7] . Fat plays an important role in terms of flavor and sensory properties, such as taste, appearance and texture [8] , and salt helps to improve the water retention capacity and texture because it acts directly on the solubility of the myofibrillar proteins of the meat (actin and myosin), as well as improving the color, binding, flavor and shelf life of meat products [9] .
To mitigate the effect of the removal of animal fat, it is necessary to add substitute(s) to assist in water retention and to promote the functionality such as phosphates, carbohydrates and proteins [3] .
Gelatin and collagen have been widely used in the formulation of meat products [10] [11] [12] because they have good solubility and hydration properties. Because of their ability to form gel, they improve the texture and water binding capacity. They also improve emulsification and foaming capacity, increase cohesion and adhesion, and stabilize colloidal systems [13] .
The reduction of sodium requires the partial replacement of sodium chloride with other compounds that have similar effects on the sensory, microbiological, and technological properties. The use of a salt substitute mixture, such as potassium chloride (KCI), magnesium chloride (MgCl 2 ), and calcium chloride (CaCl 2 ), can help reduce the sodium content. The use of KCI has the additional advantage of reducing the detrimental effect of sodium on blood pressure because potassium is a sodium counterion [9] . On the other hand, there can be a reduction in the penetration of these salts in the meat, which compromises the reduction of water activity (Aw) that is essential in salted meat products [2] . The combination of potassium chloride and potassium lactate is another alternative for partial replacement, but its use is also limited due to the bitter taste of potassium chloride [14] . Therefore, the aim of this study was to evaluate the effects of the addition of collagen, and the partial replacement of sodium chloride by a salt substitute mixture (50% KCl, 25% MgCl 2 , and 25% CaCl 2 ) on the physicochemical characteristics and rheological and technological properties of cooked and smoked chicken sausage with reduced fat and sodium.
MATERIALS AND METHODS

Preparation of Cooked and Smoked Chicken Sausages
A 2 3 central composite design with 4 replications in the central point was used to prepare the sausages, as shown in Table 1 . The tested concentrations ranged from 0.25 to 1.0% of salt, 0.25 to 1.0% of the salt substitute mixture (50% KCl, 25% MgCl 2 , and 25% CaCl 2 ) and 0.5 to 1.0% of bovine collagen fiber [15] . The salt that was used was iodized sea salt [16] and the remaining salts of salt substitute mixture were food grade and were obtained from Sigma Chemical Co., St. Louis, MO, USA [17] .
The formulations were defined based on preliminary tests (not shown) in accordance with the Standard of Identity and Quality of Sausages [18] and Ordinance No.1004 [19] . The raw meat that was used consisted of frozen, skinless, boned chicken thighs and drumsticks (63.96 to 65.71%) and 20% of frozen mechanically separated chicken meat, which was donated by the Cooperativa Central Oeste Catarinense company, Quilombo, SC, Brazil [20] .
The raw materials were previously thawed in a refrigerator (±5
• C) [21] (Electrolux, Curitiba, Brazil), ground in a grinder [22] using a disk with a 10 mm hole and then taken to the mixing machine [23] to be incorporated with the following other ingredients: 5% ice; 2% natural flavoring for reduced-sodium meat products [24] ; 2% soy protein isolate [25] ; 2% textured soy protein [26] ; 0.5% of 600/30 wheat fiber (35 mm in length and 20 mm in thickness) [27] ; 0.6% condiment (%); 0.5% dehydrated glucose [28] ; 0.5% sodium polyphosphate [29] ; 0.5% sodium lactate [30] ; 0.3% sodium erythorbate [31] ; 0.05% transglutaminase [32] ; 0.01% cochineal carmine dye with 3% carminic acid [33] ; 0.015% sodium nitrite [34] , and 0.06% liquid smoke (natural smoke with the addition of natural dye, 12.5 to 13.50% acidity [% acetic acid], pH 2.0 to 2.5) [35] .
After mixing without vacuum (45 min), the meat mixture was packed into collagen casings (22 mm) [36] and then the process of artificial smoking was performed by immersing the sausages in diluted liquid smoke with water (1:4) for 2 min (according to the supplier's recommendations). The cooking was performed in a laboratory oven with air circulation [37] at 60
• C for 30 min, 67
• C for 30 min, 72
• C for 30 min, 75
• C for 30 min, and 80
• C for about 155 min, until the internal temperature reached 75
• C. The sausages were then cooled in a room to an internal temperature of 10
• C and were vacuum packed [38] and stored under refrigeration (5
• C) until analysis.
Physical and Chemical Characterization of Cooked and Smoked Chicken Sausages
The following determinations were performed for the physicochemical characterization: pH (electrometric determination); lipids (direct extraction in Soxhlet); crude protein (modified Kjeldahl method); chlorides (volumetric); moisture (at 105
• C), and ash (incineration at 550
• C). All these methodologies were in accordance with the IAL [39] . The Aw was determined using Aqualab R apparatus (Lite model, Pullman, WA, USA) [40] calibrated to a temperature of about 25
• C. The determination of sodium (Na) was performed using an optical emission spectrometer with inductively coupled plasma ICP OES [41] equipped with a concentric Meinhard type nebulizer and cyclonic spray chamber. The axial view was used and the selected wavelength was 589.592 nm. The samples were decomposed in the digester block using 5.0 mL of sample and 4 mL of 14 mol L −1 HNO 3. Heating was for 30 min to 90
• C, 30 min to 130
• C, where the temperature remained at 130
• C for about 3 hours. All the reagents used were of analytical grade and were purchased from the Sigma Chemical Co. [17] .
Texture Evaluation
For the texture analysis, the samples were previously heated in water (72 • C), cooled to room temperature, and then cut into cylinders of about 1.5 cm thickness. The texture profile (hardness, cohesiveness, elasticity, and chewiness) was performed using a TA-XT.plus texturometer with analysis of the results through the specific software [42] ; the analysis was performed at 18
• C. Ten repetitions were performed for this analysis.
Color Evaluation
The color of the samples was analyzed in accordance with the Comission Internationale de L'Eclairage (CIE) system using the L * , a * , and b * coordinates (informally known as the CIELAB scale), where L * represents lightness, a * represents the intensity of red, and b * represents the intensity of yellow. For this analysis, the color axes (L * , a * , and b * ) were determined by using a Minolta R CR-310 colorimetric spectrophotometer [43] with D65A illuminant.
The readings were performed on the surface of the sausage samples (which were approximately 1.5 cm thick) taken from the center of the sample. The chromacity (C * ab ) and hue angle (h) were calculated according to Equations (1) and (2) respectively, which were suggested by CIE (1978) and cited by Garcia-Segovia et al. [44] .
Microbiological Evaluation
The microbiological analyses were performed according to Normative Instruction No. 62 [45] following the standards established by AN-VISA [46] (coliforms at 45 o C, coagulase positive Staphylococcus, Salmonella sp, and sulfitereducing Clostridium).
Sensory Evaluation
For the sensory evaluation, an acceptance test was performed using a 9-point hedonic scale, with a minimum level corresponding to extremely disliked (1) and a maximum corresponding to extremely enjoyed (9) [39] . The evaluation was performed by 52 untrained testers. The samples were previously reheated in water (72 • C), cooled at room temperature to 40
• C (simulating the conditions of use), and then cut into slices. They were coded and provided to the testers who evaluated their overall impression of the product.
This project was approved by the Research Ethics Committee (CEP-CONEP) of the Federal University of Santa Maria (UFSM), No. 21754913500005346.
Statistical Analysis
To reduce the number of experiments (in order to reduce time and cost) a 2 3 factorial design was used with 4 replicates at the central point of the experimental space. This enabled the implementation of a statistical inference approach because it allowed the calculation of waste and therefore the estimates of standard errors and intervals. In addition, tests at the midpoint provided useful information about the behavior of responses and highlighted the quality of the repeatability of the process [47, 48] .
All the analyses were carried out at least in triplicate. The results were submitted to analysis of variance (ANOVA) and Tukey's test with a significance level of 95% (P < 0.05) using Statistica R 8.0 software [49] . The graphics and calculations of the effects also were obtained by the aforementioned computer program and Microsoft R Excel 2003 software [50] . The quality parameters of greatest importance in industrial usage (water holding capacity, syneresis, reheating losses, freezing and cooling losses, shear force, and compression) were analyzed. Only the models that were considered to be adequate are presented in this article (R 2 > 0.90, and in the ANOVA table the F value calculated for the regression was greater than the tabulated values, and the F value calculated for the residue was lower). Table 2 shows the results of the physicochemical characterization of the prepared products. All the parameters were affected by the treatments (P < 0.05). The water content ranged from 56.05 to 59.55% and it was observed that the treatments with less added salt showed lower water content. This was due to the lower water retention capacity of the structure due to the lower concentration of salt that was used.
RESULTS AND DISCUSSION
Physical and Chemical Characterization of Cooked and Smoked Chicken Sausages
The addition of different concentrations of salt and the substitute mixture was responsible for variations in the ash content. As expected, the F1 formulation (0.5% collagen fiber, 0.25% of mixture, and 0.25% of salt), which had lower salt, collagen, and mixture content, showed the lowest ash content (2.88%), while the F8 formulation (1.0% collagen fiber, 1.0% of mixture, and 1.0% salt) showed the highest ash content (4.90%). The crude protein content ranged from 20.37 (F8) to 26.13% (F9); the addition of collagen contributed to a higher crude protein content in the sausages, which was in accordance with a previous study by Prestes et al. [10] .
The results for lipids were between 12.11 and 14.51%. The F9 and F1 formulations showed the lowest and the highest lipid content, respectively. These small variations were probably due to variations in the raw material and water loss in the product during cooking, which directly affects the chemical composition, contributing to elevated levels of protein lipids in proportion to the water loss. All the formulations were in accordance with the Standard of Identity and Quality a-f Means ± Standard Deviation indicated with different minuscule letters vertically differ significantly (P < 0.05). * F1: 0.5% collagen, 0.25% mixture, and 0.25% salt; F2: 0.5% collagen, 0.25% mixture, and 1.0% salt; F3: 0.5% collagen, 1.0% mixture, and 0.25% salt; F4: 0.5% collagen, 1.0% mixture, and 1.0% salt; F5: 1.0% collagen, 0.25% mixture, and 0.25% salt; F6: 1.0% collagen, 0.25% mixture, and 1.0% salt; F7: 1.0% collagen, 1.0% mixture, and 0.25% salt; F8: 1.0% collagen, 1.0% mixture, and 1.0% salt; F9 to F12: 0.75% collagen, 0.5% mixture, and 0.5% salt. * * Mixture: 50% KCl, 25%
MgCl 2 , and 25% CaCl 2 .
of Sausages [18] , which establishes a minimum value of 14% for crude protein and maximum values of 30% for fat and 60% for moisture. The sausages that were produced could be considered to be "lite" because they showed a minimum of 25% reduction in fat content compared to the standard or conventional product, in accordance with the criteria of the relevant legislation [51] . This was also one of the objectives of this study. The values for Aw were between 0.954 and 0.965 ( Table 2) . As expected, the salt had an effect on the Aw in relation to the formulations with higher levels of added salt (F2, F4, F6, and F8), which showed lower Aw values. Lower values for Aw are always desirable because they favor the preservation of this type of product, which is sold at room temperature and vacuum packed.
Pietrasik and Gaudette [52] studied turkey sausages and also reported lower values for Aw in the control sample (18 g salt/kg) compared to treatments with reduced salt (9 g salt/ kg), with a salt substitute (18 g Ocean's Flavor sea salts/kg, Dallas, GA) and flavor enhancer (9 g salt/kg with 7.5 g Fonterra TM Savoury Powder/kg, New Zealand).
In the present study, the pH of the chicken sausage ranged from 6.05 to 6.51. In a study by Beraquet [53] , chicken thigh had a pH in the range of 5.8 to 6.2, while mechanically separated meat typically has higher pH values, in the range of 6.5 to 7.0. In a study by Yilmaz et al. [54] the pH for cooked chicken sausage was 6.24.
There were significant effects for the studied variables (salt concentration, substitute salt mixture, and collagen fiber) and their interactions with the pH of the prepared sausages (Table 3) . A first-order negative effect was observed for the substitute salt mixture (50% KCl, 25% MgCl 2 , and 25% CaCl 2 ), i.e., the addition of the mixture resulted in a reduced pH in the sausages.
From the point of view of microbiological conservation, this reduction in pH is favorable because this type of product is sold at room temperature. However, low pH affects the stability of the emulsion because the myofibrillar proteins reach their maximum emulsifying capacity when the pH is near neutrality [55] and hence this leads to the loss of technological properties, such as increased release of fat and water loss, as well as lower product stability during shelf life.
Some studies have indicated that the inclusion of CaCl 2 in mixtures of salts results in a decrease in the pH of the products [56] [57] [58] .
Despite that the addition of CaCl 2 did not affect the pH in solution, some studies have pointed out that the inclusion of this in mixtures of salts results in a decrease in the pH of the meat products [56] [57] [58] . In the present work the addition of salt substituent mixture as a whole, CaCl 2 , MgCl 2 , and KCl caused a drop in the pH ultimate of the sausages.
The following model (Equation 3) was used to construct the response surfaces, which made it possible to visualize the pH behavior as a function of the significant variables (salt (S), substitute salt mixture (M), and collagen fiber (C)).
The model that was obtained was fit (R 2 = 0.94) and was used to construct the response surfaces (Figure 1) , which made it possible to visualize the pH behavior. It was noted that in the higher concentrations of substitute salt mixture, and the lower concentrations of collagen fiber, the pH of the product was lower (within the concentrations that were tested).
The chloride content (Table 2 ) in the sausages ranged from 2.38 to 2.99% and the F11 and F6 formulations showed the lowest and highest amount of chloride, respectively. As expected, the formulations with higher salt content and substitute salt mixture showed higher chloride content in the final product. Regarding the sodium content, it was observed that the formulations with less added NaCl (F1, F3, F5, and F7) had lower sodium content than the others, a fact that was also expected. Similar results were obtained by Campagnol et al. [59] in fermented cooked sausages in which the substitution of NaCl by KCI significantly reduced the sodium content.
These modifications can result in nutritional benefits because excessive sodium consumption is associated with the development of chronic diseases such as hypertension and cardiovascular disease, stomach cancer, and kidney disease, etc. [60] .
The effects of the studied variables and their effect on the sodium content in the cooked and smoked chicken sausages are shown in Table 3 . There was a first-order positive effect for the salt, indicating that a higher addition of salt resulted in a higher concentration of sodium in the product (which was also expected).
Equation 4 was used to construct the response surfaces, which made it possible to visualize the behavior of the concentration of sodium as a function of the variables salt (S), substitute salt mixture (M), and collagen fiber (C), and that the Figure 2 shows the response surfaces that correlated to the independent variables of salt (%), substitute salt mixture (%), and collagen fiber (%) with the dependent variable of sodium concentration, which facilitated the visualization of the best region to obtain products with lower sodium content. Through the interpretation of the response surface it was possible to observe that the higher sodium levels were in the higher concentrations of salt and that the best region to decrease the amount of sodium in the product was in lower salt concentrations associated with increased concentrations of the substitute salt mixture.
Making an overall assessment of the evaluated physicochemical parameters, it can be seen that the addition of collagen fiber and the replacement of salt by the proposed mixture significantly altered the moisture levels in the sausages as a result of higher or lower salt concentrations.
The reformulation of the product also affected the Aw, final pH, and levels of sodium and chloride.
Texture Evaluation
The developed formulations showed significant differences (p < 0.05) in the texture profile ( Table 4 ). The highest hardness values were obtained for the formulations with higher concentrations of salt (F2, F4, and F6), the results being 100.00 N, 96.16 N, and 105.36 N, respectively. According to Terrell [61] , sodium chloride improves the binding properties between water and fat in meat products, resulting in the formation of a strong gel during cooking, which leads to firmer products with high levels of hardness.
A similar result was obtained by Campagnol et al. [62] for fermented sausages, in which the replacement of 50% of NaCl by KCl resulted in a significant decrease in hardness compared to the standard (2.5% of NaCl). Reduced hardness is a negative factor because this product is consumed sliced and reduced hardness or lower gel resistance can lead to higher losses in the reheating or cooking of the product because of the increased release of fat. Table 5 shows the effects of the studied variables (salt concentration, substitute salt mixture, and collagen fiber) and their impact on the hardness of the chicken sausage. A firstorder negative effect was observed for the substitute salt mixture and a first-order positive effect was observed for the salt, which confirmed that the addition of the mixture significantly reduced the hardness of the products, while the salt significantly contributed to increasing the hardness.
In a study by Dos Santos et al. [63] , reducing the sodium chloride content and replacing it with KCl and CaCl 2 significantly affected the hardness of salamis. The reduction or substitution of NaCI by KCI resulted in a decrease in the hardness of the products, while the addition of CaCl 2 caused an increase in hardness.
The model below (Equation 5) was used to construct the response surfaces and it made it possible to visualize hardness (N) as a function of the independent variables (salt (S), substitute salt mixture (M), and collagen fiber (C)).
The model that was obtained was significant (R 2 = 0.92), which made it possible to construct response surfaces that allowed the best visualization of the behavior of the hardness of the products. Figure 3 presents the response surfaces and correlates salt (%), the substitute salt mixture (%), and collagen fiber (%) with hardness. It was found that a higher level of hardness was obtained with higher salt concentrations and lower concentrations of the substitute salt mixture.
According to Jiménez-Colmenero et al. [64] a lower NaCl concentration implies less solubilized protein and thus there may be insufficient aggregation of proteins to form a strong protein network. This is due to the fact that the addition of certain salts causes an increase in the ionic a-e Means ± Standard Deviation indicated with different minuscule letters vertically differ significantly (P < 0.05). * F1: 0.5% collagen, 0.25% mixture, and 0.25% salt; F2: 0.5% collagen, 0.25% mixture, and 1.0% salt; F3: 0.5% collagen, 1.0% mixture, and 0.25% salt; F4: 0.5% collagen, 1.0% mixture, and 1.0% salt; F5: 1.0% collagen, 0.25% mixture, and 0.25% salt; F6: 1.0% collagen, 0.25% mixture, and 1.0% salt; F7: 1.0% collagen, 1.0% mixture, and 0.25% salt; F8: 1.0% collagen, 1.0% mixture, and 1.0% salt; F9 to F12: 0.75% collagen, 0.5% mixture, and 0.5% salt. * * Mixture: 50% KCl, 25% MgCl 2 , and 25% CaCl 2 . strength of the system and an interaction then occurs between the salt ions and the ionic charges of the proteins, which decreases the interaction between the proteins and favors the solubility [65] . The F3 and F4 formulations showed the highest and lowest values for cohesiveness, respectively, and an increase in cohesiveness was observed in line with decreasing sodium content (Table 4) . Nascimento et al. [66] obtained similar results in chicken sausages prepared with sodium chloride replaced by potassium chloride. In the present study, regarding elasticity the F1 formulation had the highest value (1.65), while F11 had the lowest value (1.18). Benedini et al. [67] studied typical Italian cured ham and found a decrease in the elasticity of the hams made with high salt content.
The highest value for chewiness was obtained for formulation F1 (273.84) and the lowest for formulation F5 (114.87) ( Table 4) .
The effects of the studied variables (salt, substitute salt mixture, and collagen fiber) and their interactions on the chewiness of the cooked and smoked chicken sausages are shown in Table 5 . A first-order negative effect was found for collagen; a second-order positive effect was found for collagen and for the mixture; and a third-order negative effect was found for the 3 variables, i.e., the interaction among salt, the substitute salt mixture, and thept collagen reduced the chewiness of sausages that were produced and thus lower amounts of energy were required to masticate the product. Figure 4 shows the response surfaces relating to the independent variables salt (%), substitute salt mixture (%), and collagen fiber (%) in relation to the dependent variable of chewiness. Through the interpretation of the response surfaces it was possible to observe that higher concentrations of collagen and the substitute salt mixture led to lower values for chewiness.
In general, the substitution of salt by the substitute salt mixture and the addition of collagen fiber to the formulations led to significant changes in the texture of the product, which can adversely compromise the sensory acceptance and technological properties because this type of product is dried and cooked, as well as having unique characteristics in terms of juiciness, smoothness, bite resistance, etc., which are necessary for the other products in which the sausage is used. Table 4 shows the results for the determination of color (L * , a * , b * , C * , and h) for the developed chicken sausages. All the coordinates showed significant difference (p < 0.05) among the formulations. The F1 formulation had the lowest lightness value (L * ) (46.34), while F9 had the highest value (51.59). In a study by Horita et al. [56] the reduction in salt content of mortadella had no effect on L * values, which did not differ from the control. In contrast, Nascimento et al. [66] evaluated sausages with sodium chloride replaced by potassium chloride and noted that the treatments with reduced sodium content had significantly higher lightness values than the control. Evaluating the results of the present study, it could be seen that the addition of collagen fiber and the substitution of salt by the mixture led to enhanced lightness of the product, although the analysis of the effects did not show significant results for the individual effects or interactions.
Color Evaluation
The a * coordinate, which expresses the intensity of the color red, ranged from 9.85 (F9) to 14.90 (F1). The b * coordinate, which indicates the yellowness of the product, ranged from 10.70 (F1) to 12.58 (F7). The F1 formulation, with the addition of 0.5% collagen, 0.25% of mixture, and 0.25% of salt, showed a higher intensity of red color and lower values for yellowness. The formulations with 1.0% added collagen (F5, F6, F7, and F8) showed a higher b * value, but were not statistically different from the others. These results were in agreement with those obtained by Prabhuet al. [68] , Prestes et al. [10] , and Daigle et al. [69] , suggesting that the incorporation of collagen leads to a reduction of a * and an increase in b * in meat products. In the case of frankfurter sausages, reducing the sodium content, while at the same time adding KCl Table 4) . These results were typical of products without vivid coloring because C * expresses the intensity or quantity of color, assuming lower values for more neutral colors and higher values for more vivid colors [71] .
The hue angle (h) is associated with the size of the wavelengths in the visible spectrum and by using the hue angle it is possible to estimate the dominant color in a sample [71] . The hue angle ranges between zero and 360
• , and zero • / 360
• corresponds to + a (red), 90 o corresponds to + b (yellow), 180
• corresponds to -a (green), and 270
• corresponds to -b (blue) [72] . The h values for the sausages ranged from 35.69 (F1) to 50.43 (F9) ( Table 4) , indicating products with a color between red and yellow.
Válková et al. [73] found that products with lower a * values showed greater acceptance by consumers, probably because they have lighter red coloration. According to most of the studies that have tested the addition of collagen to other meat products [69, 74, 75] , the incorporation of collagen affected the color of the products by reducing the lightness (L * ), increasing the yellowness (b * ), and reducing the redness (a * ). However, these differences are not always noticed by consumers.
Lightness (L * ) is related to the degree of clarity of color, indicating whether the colors are bright or dark. A light source is pointed towards the sample and the response represents the proportion of reflected light. The saturation (C * ) describes the intensity or amount of color, indicating the rate at which it is mixed and distinguishing strong from weak colors. Higher a * values indicate a redder color and lower values indicate a greener color, whereas higher b * values indicate yellowness and lower values indicate a bluer color [71] . The a/b ratio is also useful to show the color changes from pink to a brown or brownish product. The interaction of myoglobin with polysaccharides and soy causes a dilution in myoglobin and consequent changes in the absorption, leading it to a value close to 400 nm. The reduction of L * and increased b * result in a more opaque product. Lower L * values and higher b * values can be explained by the reduction in the concentration of myoglobin in meat [74] .
Microbiological and Sensory Analysis
All the formulations were within the microbiological standards required by Brazilian legislation [46] (results not shown).
Sensory Evaluation
The sensory analysis of the cooked and smoked chicken sausages ( Figure 5) showed that the different salt concentrations, the substitute salt mixture, and the addition of collagen fiber did not affect the acceptance of the product because there was no significant statistical difference (P > 0 05) for the different treatments.
Even in the case of the developed formulations that showed significant differences (P < 0.05) in the texture profile and color and physicochemical characteristics, these were not perceived by the testers, indicating that the different salt concentrations, the addition of the substitute salt mixture, and the addition of collagen fiber did not have an adverse effect on the general sensory characteristics and those expected for this type of product.
Marchetti et al. [76] also reported good acceptability for sausages with reduced sodium content and added fish oil used to partially substitute NaCI for KCI. A study by Guàrdia et al. [14] reduced the NaCl content by 50% and replaced the KCl in sausages, which did not affect the acceptability of the product compared with the control.
In the present study, the results of sensory evaluation showed that the partial replacement of salt by the substitute salt mixture (50% KCl, 25% MgCl 2 , and 25% CaCl 2 ) and the partial replacement of fat by collagen were viable. The best results were found for the F1 formulation (0.5% collagen fiber, 0.25% of mixture, and 0.25% of salt), which achieved 53% fat reduction (compared to 30% allowed by law) and a 29% reduction in sodium (compared to the developed formulation with the highest sodium content) without compromising hardness, chewiness, color, and sensory acceptance when compared with the formulations containing higher salt content. * F1: 0.5% collagen, 0.25% mixture, and 0.25% salt; F2: 0.5% collagen, 0.25% mixture, and 1.0% salt; F3: 0.5% collagen, 1.0% mixture, and 0.25% salt; F4: 0.5% collagen, 1.0% mixture, and 1.0% salt; F5: 1.0% collagen, 0.25% mixture, and 0.25% salt; F6: 1.0% collagen, 0.25% mixture, and 1.0% salt; F7: 1.0% collagen, 1.0% mixture, and 0.25% salt; F8: 1.0% collagen, 1.0% mixture, and 1.0% salt; F9 to F12: 0.75% collagen, 0.5% mixture, and 0.5% salt. * * Mixture: 50% KCl, 25% MgCl 2 , and 25% CaCl 2 .
CONCLUSIONS AND APPLICATIONS
1. The partial replacement of sodium chloride by a mixture of salts (50% KCl, 25% MgCl 2 , and 25% CaCl 2 ) and the addition of collagen significantly affected the physicochemical characteristics (moisture, Aw, final pH, sodium, and chloride content) and the rheological and technological properties (texture) of cooked and smoked chicken sausage with reduced fat and sodium. 2. The addition of collagen fiber (0.5, 0.75 and 1.0%) and the replacement of salt by the proposed mixture (0.25, 0.5, and 1.0%) altered the moisture levels in the sausages depending on the concentration of salt. 3. The best results were found for the F1 formulation (0.5% collagen fiber, 0.25% of the mixture, and 0.25% of salt), which achieved 53% reduction in fat and 29% reduction in sodium without compromising the hardness, chewiness, color, and sensory acceptance when compared with formulations containing higher salt content.
4. The reformulation of the product directly affected Aw, final pH, sodium, and chloride content, as well as causing significant changes in the texture of the product; however, these changes did not affect the acceptance of the product, showing that the partial replacement of salt by the mixture and the partial replacement of fat by collagen were viable.
